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TOF-SIMS provides surface 
quality standard for InP 
Didier Marsan, InPact 
For the past three years InPact (Pombli~re, France) has been examining the use of TOF-SIMS for analysis 
of the surface (first) monolayer of InP wafers. Here, the company outlines the technique and the benefits to 
surface quality that can be gained from its use. 
T 
he general motivation be- 
hind InPact's investigations 
of TOF-SIMS (time of flight 
secondary ion mass spectrometry)  
stems from the fact that some op- 
erations involved in epitaxial 
growth on InP pretreat he wafers 
before loading into the epitaxy re- 
actor, and others do not. This has 
implications for the surface cleanli- 
ness of the wafers. InPact's in- 
depth investigation dates back 
three years when people  from InP- 
based microelectronics fab lines 
challenged vendors of InP bare 
wafers with some 'simple' ques- 
tions related to surface issues: such 
as how to guarantee a low electri- 
cal conduct ion at the InP sub- 
strate/epitaxy layer interface for 
heterostructure bipolar transistors 
(HBTs) and field effect transistors 
frETs)? At that time, no sensible an- 
swer could be given. The instru- 
mentat ion for X-ray photoelectron 
(XPS) and Auger spectroscopy 
does not have a low enough detec- 
tion limit, while total X-ray fluores- 
cence (TXRF), which is largely 
used in the Si industry, gives infor- 
mation on contamination at the 
atom level. The TOF-SIMS tech- 
nique, however, is powerful enough 
to scan any kind of surface pollu- 
tion - atoms or molecules - at the 
level of  small fractions of a mono- 
layer, to fred out its origin and thus 
provide a way to reduce the level 
of contamination or eliminate it. 
InPact has therefore decided to 
devote large resources to this 
topic. 
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Figure 1. The mechanisms involved in TOF-SIMS. Excitation of the surface with primary 
ions (At +, Ga +, Cs+,,..) of ,,,25 keV energy leads to particle emission from the surface at a 
distance from the initial impact site. Atoms and molecules are desorbed from the surface 
and begin drifting in the vacuum chamber. 
The technique 
A pr imary ion beam of argon bom- 
bards the sample surface with a 
very low angle of incidence 
(Figure 1). Only a small fraction of 
the surface atoms is removed 
(1/100 of a monolayer is hit).These 
ions induce a cascade of collisions. 
This is known as static SIMS. A time 
of flight (TOF) analyser is then 
used to detect he ejected ions.The 
secondary ions extracted from the 
sample are accelerated into the 
analyser with a common energy 
but different velocities. The differ- 
ence in velocities means the small- 
er ions move more quickly than 
the large ions, providing mass sepa- 
ration. 
The TOF-SIMS instrument uses 
argon as the pr imary ion source 
because of its very good mass reso- 
lution, though other pr imary ion 
sources (such as Cs + and Ga +) are 
available. A pressure of lxl09 torr 
is used. The pr imary ion dose is 
3x1013 cm 2, with a pulse time of 
1 ns and repetit ion frequency of 
5 kHz. Under these conditions the 
spot size is 50 vm in diameter and 
analysis takes 150 s. In order to in- 
crease accuracy, five points are 
measured on the same sample, 
giving a total analysis area of 
200x200 ~am 2. Ions in the range 
0-1000 mass units can be detected 
and the detection limit of the in- 
strument is 108-109 cm-2; a contam- 
ination of 1/1 000 000 monolayer 
can be analysed. 
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Figure 2. (a) Positive secondary ion mass spectrum of InP sample showing elemental ions, 
organic and inorganic clusters. (b) Detail of the 10-80 mass units region from (a) showing the 
organic clusters and the Si (28) elemental ion. 
Table 1." Silicon-based contaminants found in InP specimens, and their sources 
Mineral Organic 
Silicon species Si, SiO, SiO 2 
Origin Water, air 
(claanroom filters) 
SiCH 3 (43), Si(CH3) 3 (73) 
Oil (vacuum pumps, 
O-rings, DI water systems, 
seals in the cleanroom, 
bearings of the motors 
for air recycling) 
Tracking impurities 
TOF-SIMS gives two kinds of finger- 
print spectra: the positive and the 
negative ion spectra. An example 
of a positive ion spectrum is 
shown in Figure 2, a and b. 
InPact's three-year investigation 
has resulted in a database of spectra 
analysed from >500 wafers. From 
these statistics, one of the first con- 
clusions is that the breakdown per 
100 OOO secondary ions for wafers 
with 'low' contamination is as fol- 
lows.70 000 are indium and phos- 
phorus related, comprising indium 
(peaks at 113 and 115), In oxides, P 
peaks - PO 2 (63), PO 3 (79) - and 
hydrated phosphate peaks - PO2H 
(64), PO3H (80), PO4H (96), POzH 2 
(65), PO3H 2 (81), PO4H 2 (97). 20 
000 relate to organics (CxHy, 
CxHvN, CxHvO) while less than 10 
000 are from non-organic ontami- 
nants such as CI, NH4, E S, Na, Si 
and other metals (Ni, Hg, etc.). 
Thanks to the large number of 
analyses, we have been able to 
make a correlation between impu- 
rities (such as Cr, Fe, Cu, E S and 
NH 4) and the chemicals used 
(trademark and quality). Even some 
VLSI chemicals can introduce a lev- 
el of contamination and only the 
TOF-SIMS analysis helps us make 
the 'right' choice among chemicals. 
Thus, with TOF-SIMS, any impurity 
can be tracked and partly or entire- 
ly suppressed. 
Moreover, we have discovered 
that not only can the wafer surface 
preparation - the various chemical 
preparations and the 'epiready' 
process - be involved in contami- 
nation, but also the environment of 
the wafer. The immediate and her- 
metic environment of the wafer, in- 
cluding the packaging and the 
container, can sometimes contain 
some amazingly high levels of con- 
taminants. For example, certain 
chemicals used in the manufacture 
of polythene can leach out and 
contaminate the wafer. Storage 
time can also impact on the quality 
and cause some outgassing. 
Further, the deanroom environment 
itself can introduce some poilu- 
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Table 3. TOF-SIMS data for representative InP wafers showing typical contaminant levels* 
Sample# CxHy CxHyO CxHyN NH 4 Si Cu Cr Ni Fe Na Co Cl Br S 
7124-60 14 000 400 240 130 8 1 0 1 0 0 0 3500 75 95 
5205-26 11 000 320 230 90 10 2 3 0 0 0 0 2200 90 100 
7129-66 12 000 450 250 100 9 0 3 0 0 0 0 10 500 70 120 
5177-13 14 000 2400 1400 60 20 0 0 5 0 0 0 9200 60 70 
7164-1 13 500 2500 1500 100 10 0 0 5 0 0 0 7200 100 50 
6187-1 13 900 2000 1800 60 18 0 0 5 0 0 0 4900 80 80 
*per 100 000 ions - a monolayer corresponds to 1015 cm "2 atoms, therefore a value of 10 ~ 1011 ions.cm "2 
tion, not only through the water  fil- 
tering system and the air but also 
through the way wafers are stored. 
The Si puzzle 
Since our starting point three years 
ago, we have been extensively in- 
vestigating the conductive species, 
which are killers for some transis- 
tors, and in particular silicon. 
It has been challenging tO track 
this element because it is every- 
where and there are both mineral 
and organic Si species.The various 
origins of Si are summarized in 
Table 1.At the outset we were not 
certain about the contribution of 
each of them. Now, thanks to TOF- 
SIMS, we have found that organic 
silicon can be present in larger 
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Figure 3. Si contamination on InP surface. 
quantities than mineral species and 
we have been able to identify the 
killer species: Si(CH3) 3 - siloxane. 
Siloxane is widely used in the form 
of silicone oil throughout industry, 
including the semiconductor  field. 
From this discovery, we could 
track the siloxane and get rid of it. 
Figure 3 shows examples of spec- 
tra from both a contaminated and 
noncontaminated wafer for com- 
parison. Si has a mass of 28 and the 
analysis of the Si peak along with 
the isotopes of Si gives us the evi- 
dence that the peak involved is re- 
ally Si and not CO, C2H 4 or CH2N. 
Data compilation 
The chart shown in Table 2 gives 
the data from a number  of InP sam- 
ples for the main contaminants of 
interest o those involved with epi- 
taxy. All the results are normalized 
to a total measured ion level of 
100 000. Even though quantifica- 
tion would require standards, we 
can make some approximations 
from this data and, above all, we 
can compare wafers over t ime to 
see if there is any drift in contami- 
nation levels. 
Industry standard? 
In InPact's view, TOF-SIMS is the 
state-of-the-art technique for deter- 
mination of trace levels of contami- 
nating elements on InP polished 
wafer surfaces (native or thermally 
grown oxides). The company 
would therefore like to propose 
that the technique is adopted by 
the InP industry as a standard for 
surface analysis. TOF-SIMS offers 
benefits not only for the microelec- 
tronics community  but also for 
laser manufacture, as some ele- 
ments may be detrimental for the 
device performance. 
InPact believes that it is the first 
producer  of InP to have made a 
comprehensive investigation scru- 
tinizing hundreds of spectra and 
identifying the contaminants. 
Above all, InPact routinely uses the 
TOF-SIMS tool to provide a tighter 
control of production. 
InPact has ten years experience 
of InP using a modified LEC (liquid 
encapsulated Czochralski) growth 
process covering all dopants in 2-in 
and 3-in, and a leading position for 
bulk quality reproducibility (with 
100 wafers per boule with low 
stress material). InPact is confident 
that with TOF-SIMS it now has a 
new technical edge for surface qual- 
ity with very low contamination 
levels. 
As a service to the InP epitaxy 
community, InPact provides TOF- 
SIMS data for its monthly 
processed wafers; like X-ray diffrac- 
tion mapping and EPD for bulk 
quality, TOF-SIMS should become a 
routine analytical tool for the re- 
producibil ity of surface quality. 
InPact has now moved a step fur- 
ther and is offering analysis of 
c leanroom contamination to those 
involved in epitaxial growth with- 
in the InP industry. 
Contact: Did ier  Marsan 
InPact 
Pombli6re 
73600 Mofitiers, 
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Tel: +33-4-79244780; 
Fax: +33-4-79244517; 
E-mail: dmarsan@wanadoo.fr 
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